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Abstract: The present-day Mediterranean landscape is a result of the long-term
human–environment–climate interactions that have driven the ecological dynamics throughout
the Holocene. Pastoralism had (and still has) an important role in shaping this landscape, and
contributes to maintaining the mosaic patterns of the Mediterranean habitats. Palaeoecological
records provide significant multi-proxy data on environmental changes during the Holocene that
are linked to human activities. In such research, the palynological approach is especially useful for
detailing the complexity of anthropogenically-driven landscape transformations by discriminating
past land uses and pastoral/breeding activities. This paper focuses on the palynological evidence for
the impact of centuries of grazing on the vegetation of Basilicata, a region of southern Italy where
animal breeding and pastoralism have a long tradition. A set of 121 pollen samples from eight
archaeological sites (dated from the 6th century BC to the 15th century AD) and five modern surface
soil samples were analyzed. The joint record of pollen pasture indicators and spores of coprophilous
fungi suggests that continuous and intense pastoral activities have been practiced in the territory
and have highly influenced its landscape. The palaeoecological results of this study provide us
with better knowledge of the diachronical transformations of the habitats that were exposed to
continuous grazing, with a shift toward more open vegetation and increase of sclerophyllous shrubs.
The palynological approach gives insights into the vocation and environmental sustainability of this
southern Italy region on a long-term basis.
Keywords: pollen; NPPs; pasture indicators; palaeoecology; archaeological sites;
palaeoenvironmental reconstruction; southern Italy; Mediterranean
1. Introduction
Since prehistoric times, humans have directly (by activities) or indirectly (by presence) influenced
ecosystems and landscapes around the world [1]. Human actions have resulted in several changes
in the biosphere by influencing and driving the main variations in biodiversity and ecosystem
processes [2]. From a long-term perspective, human influence and then—depending on the time
and space scale—impact have generated notable patterns of landscape complexity [3–6]. This is
especially evident in the Mediterranean area, where, since ancient times, the continuous succession of
different civilizations has had direct and indirect effects on the environment that led to changes in the
vegetation cover [7–9]. Grazing is one of the most important factors determining patterns of vegetation
in Mediterranean ecosystems [10–12]. In the Mediterranean basin, long-term pastoral activities have
had impressive consequences for the current biodiversity [13]. It is widely recognized that grazing
prevents the growth of woody vegetation and reduces the species richness, and that intensive grazing
profoundly affects the succession in such systems [14–17]. Moreover, it is well-known that grazing
also affects the morphological and functional traits of plants at the global level [18].
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Nevertheless, grazing should not be considered a negative factor that has a detrimental impact on
plant biodiversity. It actually improves the quality of vegetation by removing old plants and stimulating
grass production [19]. Recent multidisciplinary studies (integrating palaeoecological, pedological,
phylogenetic, and palaeontological evidence) have shown the key role that wild herbivores and
domestic livestock play in grassland–forest dynamics, contributing to the maintenance of the European
mosaic-pattern vegetation that was created by megaherbivore disturbances at the Pleistocene–Holocene
boundary [20,21].
Over the last few decades, several ecological studies dealing with grazing’s effects on vegetation
and the environment have been carried out in order to obtain information essential to improving
landscape management and sustainable resources exploitation [22–25]. These studies are based on
short-term ecological data that span only a few decades, and they do not provide potentially significant
trends in these records, nor allow us to predict possible future scenarios of biosphere responses
to global changes. Indeed, it is the study of long-term ecological records (greater than 50 years)
that actually has great potential in conservation biology, as it provides us with a valuable historical
perspective on the dynamics of contemporary ecological systems [26–30]. Palaeoecological records,
which provide multi-proxy palaeoenvironmental data, are essential for understanding details of
long-term human impacts on ecosystems [31,32]. Among the multi-proxy analyses, palynological
investigations allow us to acquire a high-resolution data set on environmental changes during the
Holocene that are linked to human activities (e.g., [4,33]). Microscopic biological remains (pollen and
non-pollen palynomorphs (NPPs), such as fungal spores and algal elements) from sedimentary records
are meaningful bio-indicators for palaeoecological reconstruction (e.g., [34–37]). In particular, the
combined evidence of pollen and NPPs from archaeological sites is useful for tracing the impact of
past human activities on the local ecosystem; these biomarkers can also be used to discriminate past
land uses and pastoral/breeding practices (e.g., [38–42]).
A palynological approach to the study of Mediterranean landscapes is ideally suited for
detecting the land-use history and ecosystem changes that gave rise to the present-day Mediterranean
environment. Such challenging issues have been addressed, for example, by Jouffroy-Bapicot and
colleagues in the framework of the multidisciplinary research project on the making of the Cretan
Mountain Landscape, Greece [43]. Multi-proxy analyses of the Asi Gonia peat bog sediments have
shown that, during the two last millennia, pastoralism had a predominant role in vegetation dynamics.
Other studies dealing with palynological investigations in grazing areas have been conducted on
modern analogues in the Pyrenees Mountains to characterize pollen and non-pollen palynomorphs
(NPP) indicators of types of highland vegetation and grazing pressure [44–47]. In the same study area,
previous palaeoenvironmental studies that were carried out in several peat basins have proved that
these wetlands were grazed in the past [48,49].
Previous Studies and the Aim of This Paper
In Italy, an outstanding number of studies that include pollen or other plant remains from
archaeological contexts (BRAIN database: brainplants.successoterra.net) [50] have testified to the
widespread occurrence of breeding/pastoral activities on the peninsula over the last few millennia.
This long-term practice can also be inferred from pollen spectra from the top cores (Holocene
sediments) of biostratigraphical records [51–55]. However, only a few papers focused solely on
past pastoral practices and their legacy on the current Italian landscape have been published thus
far [56]. On this issue, palaeoenvironmental research in southern Italy—and especially research
carried out in Basilicata, on which this paper is based—can serve as a most suitable example. Here,
animal breeding and pastoralism have a long tradition and have certainly played an important role in
shaping the landscape. The PhD project on the archaeo-environmental reconstruction of this region
has provided a palynological dataset that may be of key relevance for understanding the pastoralism
that has been practiced in the area over the last 2500 years [57]. Some aspects of this research have
already been published, such as the environmental and economic settings of the rural sites of the
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Greek colonial system on the coastal plain [58–61], and the agro-pastoral characterization of the inland
indigenous sites [62–65]. Besides this, some specific issues that emerged from the research have
been further explored (e.g., the value of Cichorieae as a pastoral indicator [66] and the Olea pollen
representativeness in the modern local olive groves [67]).
This work focuses on the palynological evidence of pastoral/breeding activities in the studied
archaeological records and explores the impact of centuries of grazing on the vegetation of Basilicata.
The main aim of this study is to better understand the complexity of landscape transformations
that have occurred in these lands, which have continuously been exploited as pastures, thus as
to improve our awareness of the biodiversity in, and the long-term human impact on, the current
landscape of a typical region of southern Italy. As part of the historically underdeveloped area of
Mezzogiorno, in the last few decades, Basilicata has faced several challenges due to its geological
instability, peripherality, and marked depopulation. To improve its economic development, the Italian
government has implemented policy interventions and development strategies that are supported by
European programmes, which threaten to transform the natural and cultural assets of the region. A
long-term perspective on the development of its cultural landscape is fundamental to provide strategies
to avoid the loss of environmental peculiarities and biodiversity that comply with the cultural identity
and vocation of this territory.
2. Materials and Methods
2.1. Study Area
This research has been carried out on samples from the main archaeological sites of the Basilicata
region, which are located in a transect from the southern Apennines (1 site) to the Ionian coast along
the Bradano river (7 sites). The eight sites (Figure 1, Table 1) have been studied in collaboration with
the University of Basilicata (sites 1–4) [68,69] and the University of Texas at Austin (sites 5–8) [70–72].
Sustainability 2018, 10, x FOR PEER REVIEW    3  of  21 
published, such as the environmental and economic settings of the rural sites of the Greek colonial 
system on the coastal plain [58–61], and the agro‐pastoral characterization of the inland indigenous 
ites  [62–65]. Besides  this, some specific  issues  that emerged  from  the  research have been  further 
explored  (e.g.,  the  value  of  Cich rieae  as  a  pastoral  indicator  [66]  and  the  Olea  pollen 
representativeness in the modern local olive groves [67]).   
This work focuses on the palynological evidence of pastoral/breeding activities in the studied 
archaeological records and explores the impact of centuries of grazing on the vegetation of Basilicata. 
The main aim of this study is to better understand the complexity of landscape transformations that 
have occurred in these lands, which have continuously been exploited as pastures, thus as to improve 
our awareness of the biodiversity in, and the long‐term human impact on, the current landscape of a 
typical region of southern Italy. As part of the historically underdeveloped area of Mezzogiorno, in the 
last few decades, Basilicata has faced several challenges due to its geological instability, peripherality, 
a d  marked  depopulation.  To  improve  its  economic  devel t,  the  Italian  gove nment  has 
implemented  policy  interventions  a d  developmen   strategies  that  are  s pported  by  European 
programmes, which threaten to transform the natural and cultural assets of the region. A long‐term 
perspective on  the development of  its  cultural  landscape  is  fundamental  to provide  strategies  to 
avoid the loss of environmental peculiarities and biodiversity that comply with the cultural identity 
and vocation of this territory. 
2. Materials and Methods   
2.1. Study Area 
This research has been carried out on samples from the main archaeological sites of the Basilicata 
region, which are located in a transect from the southern Apennines (1 site) to the Ionian coast along 
the Bradano river (7 sites). The eight sites (Figure 1, Table 1) have been studied in collaboration with 
the University of Basilicata (sites 1–4) [68,69]   t e University of Texas  t Austin (sites 5–8) [70–72].   
 
Figure 1. Study area: (a) Location map of the eight archaeological sites studied for pollen and non‐
pollen palynomorphs (NPPs)  in Basilicata, southern Italy; (b) the current  landscapes  in which the 
sites are located.   
Figure 1. Study area: (a) Location map of the eight archaeological sites studied for pollen and
non-pollen palynomorphs (NPPs) in Basilicata, southern Italy; (b) the current landscapes in which the
sites are located.
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Table 1. The studied sites in the Basilicata region, S Italy: Geographical coordinates, chronology,
cultural phase, archaeological context, and the number of pollen samples.
Site Geographical Coordinates Chronology Cultural Phase ArchaeologicalContext Samples
1 - Torre di Satriano–TS 40
◦34′12.28”N; 15◦38′15.26”E
930 m asl 6th cent. BC Archaic
indigenous
rural settlement 5
2 - Altojanni–ALJ 40
◦39′73”N; 16◦20′57”E
375 m asl
3rd-5th and
12th-15th cent.
AD
Roman; Medieval fortified ruralvillage; aggers 26
3 - Miglionico–MGL 40
◦34′03.42”N; 16◦29′58.97”E
445 m asl
14th/15th cent.
AD Medieval castle 10
4 - Difesa San Biagio–DSB 40
◦30′21.82”N; 16◦40′51.03”E
138 m asl 5th-1st cent. BC Hellenistic
indigenous
rural settlement 24
5 - Fattoria Fabrizio–FF 40
◦24′46.58”N; 16◦44′28.33”E
57 m asl 6th-4th cent. BC Archaic-Hellenistic
Greek
farmhouse 14
6 - Pizzica–PZZ 40
◦24′45.09”N; 16◦47′28.14”E
36 m asl 5th/4th cent. BC Archaic-Hellenistic
drainage
channel in
Greek
necropolis
5
7 - Sant’Angelo Vecchio–SAV 40
◦23′39.96”N; 16◦43′10.71”E
46 m asl
6th/5th-1st cent.
BC Archaic-Hellenistic
Greek rural
settlement 29
8 - Pantanello–PNT 40
◦23′21.53”N; 16◦47′11.89”E
8 m asl 2nd-1st cent. BC Hellenistic
dump of a
productive area 13
Torre di Satriano (site 1) is the only high-ground site (c. 900 m asl); although it is subject to very
cold winter temperatures, it is located in a territory rich in natural resources, such as a vast supply of
water, extensive hilly areas for pastures and cultivations, and wood. The archaeological excavations
brought to light the remains of an outstanding dwelling, which has been interpreted as the center of
power within the local community between 560/550 BC and 480 BC [73]. The sites of the low-hill
inland area (2–4) lie along the Bradano river, which was an important waterway for the transport
of goods. These sites are fortified rural settlements that span from the Archaic/Hellenistic (4) to the
Roman periods and the Middle Ages/Renaissance (2,3), and their displacement on the top of the hills
is due to both defense and control reasons [68,69]. In fact, the river has always represented the way for
foreign populations (such as the Greek settlers) who were attracted to the lands for farming to access
the territory. The sites of the coastal plain (5–8), which all belong to the chora (rural territory) of the
Greek colonial city of Metaponto, are located mainly on the first marine terraces a few meters above
the plain, which is often subject to floods. The network of small farmhouses and rural villages along
the Bradano river had a crucial role in setting up the local farming system and regiment the water
course and its floods [71].
The climate of the study area has a typical Mediterranean seasonality. The vegetation typologies
that occur in the region depend on the high environmental diversity of the territory [74]. Most
of the study area is characterized by the Mesotemperate Turkey oak vegetation series of Lathyro
digitati-Quercetum cerridis [75]. In the Apennine sector, anthropogenic meadows (including grassland
species such as Trifolium nigrescens Viv., Medicago hispida Gaertner, Dactylis glomerata L. subsp. glomerata,
Centaurea centaurium L. and Scorpiurus muricatus L.), and mixed oakwoods (mainly composed of
Quercus cerris L., Q. frainetto Ten., Q. virgiliana Ten., Q. pubescens Willd., usually with Carpinus
orientalis Mill., Fraxinus ornus L., Acer monspessolanum L.) are the main vegetation [75]. The low-hill
inland area is covered with shrubby Mediterranean plants (Pistacia lentiscus L., Phillyrea latifolia L.,
Cistus creticus L., Helianthemum jonium Lacaita and other elements related to Pistacio Rhamnetalia
alaterni plant communities) that are associated with grasses and annual herbs included in the
Camphorosmo-monspeliacae-Lygeetum sparti and Medicago coronate-Hedysaretum glomerati vegetation
series. In the Metaponto area, the relatively recent Pinus halepensis reforestations influence the dune
communities, which the Salsolo kali-Cakiletum maritimae and Malcomietalia series dominate [75,76].
Vegetables and fruits, especially cherry orchards, citrus groves, and vineyards, grow in the mild
climate of the coastal plain [76].
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2.2. Pollen Samples and Analysis
A set of 121 pollen samples were taken from archaeological layers—small trenches, rooms or floors
of houses, and spot samples from the eight sites. Sometimes also fillings of pottery were analysed, but
data were not used for palaeoenvironmental reconstructions. In addition, five pollen samples were
collected from the current surface soils to obtain a reference of the modern composition of local pollen
rain. According to the chronology of the archaeological sites, the temporal transect spans about 20
centuries—from the 6th century BC to the 15th century AD (Table 1).
Pollen samples, of about 8 g each, were prepared using tetra NaPyrophosphate, HCl 10%,
acetolysis, separation with NaMetatungstate hydrate, HF 40%, and ethanol [77]. Lycopodium tablets
were added to calculate concentrations (p/g = pollen per gram of sediment, and npp/g = npp per
gram) [78]. Permanent pollen slides were mounted on glycerol jelly. Identification was made at 400×
and 1000× magnification, with the help of keys, atlases [79–81], and the reference pollen collection
of the Laboratory of Palynology and Palaeobotany of the University of Modena and Reggio Emilia.
Non-pollen palynomorphs (NPPs, microfossils of a great variety of organisms—mainly fungi and
algae—sensitive to various ecological parameters or to human presence) were identified according to
the reference literature [82–84]. Among NPPs, particular attention has been paid to the coprophilous
fungal spores (e.g., Sordaria, Sporormiella, Delitschia, Podospora types) as indices of the presence of dung,
and therefore associated with pastoral/breeding activities [38,47].
Pollen and NPPs were counted in the same samples. On average, about 350 pollen grains
and 200 NPPs per sample were counted. The percentage of pollen diagrams were basically
calculated from pollen sums including all pollen counted. Five pollen groups which refer to the
plant landscape and human activities indicators were calculated: (a) Mixed oakwood (including
broadleaved Quercus-oaks, Carpinus betulus-hornbeam, Ostrya carpinifolia-hop hornbeam, Fraxinus-ash,
Tilia-linden, Ulmus-elm, and Corylus-hazel); (b) Mediterranean plants (Quercus ilex-evergreen oak type,
Daphne cf. gnidium-flax-leaved daphne, Helianthemum-rock rose, Juniperus-juniper type, Erica-heat,
Olea-olive tree, Phillyrea-green olive tree, Pistacia cf. lentiscus-lentisk, Rhamnus-buckthorn type); (c)
Hydro-hygrophilous plants (sum of plants from wet environments: Alnus-alder, Cyperaceae-sedges,
Nymphaea cf. alba-white water lily, Phragmites cf. australis-common reed, Populus-poplar, Ranunculus cf.
macrophyllus-large leaved buttercup, Sagittaria-arrowhead, Typha/Sparganium-cattail/bur-reed type); (d)
cultivated/cultivable plants (the woody plants Castanea-chestnut, Corylus-hazelnut, Juglans-walnut,
Olea, Prunus-plum, Malus/Pyrus-apple/pear, Vitis-grapevine, and cereals Avena/Triticum-oats/wheat
group and Hordeum-barely group); (e) local pastoral pollen indicators (LPPI) [85], including plants
strictly linked to local pastoral activities (Cirsium, Centaurea nigra type and other Asteroideae,
Ranunculaceae, Galium type, Potentilla type, and Cichorieae—the tribe with fenestrate pollen within
the Cichorioideae subfamily [66]).
The pollen diagrams were drawn with TGView [86]. On-site pollen data were chronologically
ordered and grouped according to the main time phases of the sites. Following Mercuri [87,88], the
chronological pollen samples groups were treated as a single ‘regional site’ to interpret the regional data
set by comparing coeval samples and checking the main floristic differences among the chronological
phases. Moreover, though their value of local palaeoecological indicators is well known, in the
elaborations, NPPs were also treated as ‘regional proxies’ in order to compare the different sites.
3. Results and Discussion
The pollen dataset shows evidence of the diachronic evolution of the Basilicata cultural landscape
over about 2500 years of (mainly pastoral) human activities. Below, after a description of the state of
preservation and concentration of pollen and other palynomorphs, the main results on the vegetation
cover and land-uses in the region are briefly reported; greater emphasis has been placed on the signs
of pastoral/breeding practices in the landscape, which are treated in different subsections. Data
are presented according to the main chronological/cultural phases at a regional scale; the principal
palynological results site-by-site are summarised in Table 2.
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Table 2. Summary of pollen and NPP data from each of the eight studied sites.
Site Concentr. AP Mixed Oakwood Mediterr. Plants Hydro-hygroph. Plants Cereals Cultiv. Plants (tot.) LPPI Coproph. Fungi Main Features
1 - TS c. 2100 p/g;c. 7000 npp/g 6.6% 2.5% 1.5% 11.6% 6.4% 6.7% 38.1% c. 3500 npp/g
Open environment, with spread wet
environments; cereal fields and pastures
widespread
2 - ALJ c. 16,200 p/g;c. 62,200 npp/g 13.7% 6.4% 4.9% 4.1% 0.7% 2.8% 34.4% c. 17,600 npp/g
Thin oakwood combined with
Mediterranean vegetation; dry
grasslands/pastures widespread
3 - MGL c. 1640 p/g;<100 npp/g 11% 1.9% 1.6% 5.5% 1.6% 2.6% 35.2% <50 npp/g
Reduced oakwood and Mediterranean
habitats; land-use with cereal fields and
pastures
4 - DSB c. 29.200 p/g;c. 87,000 npp/g 7.5% 0.3% 4.5% 0.1% 0.2% 2.7% 39% c. 9000 npp/g
Open vegetation, in which
Mediterranean shrubs and dry
grasslands/pastures predominate
5 - FF c. 16.700 p/g;c. 5400 npp/g 19.4% 4.8% 9% 2.3% 1.7% 4.6% 23.9% c. 900 npp/g
Thin oakwood and local growing of
Mediterranean shrubs; economy based
on cereals and pastures
6 - PZZ c. 1900 p/g;c. 300 npp/g 11.6% 0.7% 10.1% 2.5% - 0.1% 47.8% <100 npp/g
Mediterranean habitats widespread; no
evidence of local cultivations; dry
grasslands/pastures widespread
7 - SAV c. 5500 p/g;c. 2600 npp/g 12% 3.4% 5.7% 6.9% 0.7% 3.2% 34.6% c. 550 npp/g
Mediterranean habitats combined with
wet environments; land-use with
pastures and reduced cereal fields
8 - PNT c. 22,000 p/g;<100 npp/g 3% 1.5% 0.8% 1.3% 4.5% 4.9% 48.2% <50 npp/g
Open vegetation predominates;
dry-grasslands/pastures spread and
land-use with cereal fields
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3.1. Pollen Preservation and Concentration of Palynomorphs
Pollen was found in almost all samples in a generally good state of preservation, although many
grains were crumpled, broken, or rearranged due to the physical–chemical and post-depositional
disturbance processes that are fairly common in the archaeological deposits [89–92]. In addition, some
pollen grains were thinned and pale, likely as a consequence of their passage through the digestive
tract before their inclusion in the deposits. Several pollen clumps—small single, or mixed-type pollen
clusters (Figure 2)—were observed at three sites (1, 5, and 7). These clumps could be interpreted as
the remains of anthers (flowers standing in/transported to the sites) or as fecal pellets dropped by
arthropods and herbivorous mammals [88,93–95]. Interestingly, no pollen clumps have been observed
in the modern soil samples.
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Figure 2. Pollen clu ps fro the archaeological layers of site 7: (a,b) Single-type pollen clu ps; (c)
ixed-type cluster, including ore than one pollen type. The scale bar is 10 µ .
The pollen and the NPP concentrations were quite high in most of the archaeological samples
(overall mean concentrations: about 11 × 103 p/g and 20 × 103 npp/g). The modern samples
showed a notable pollen concentration (26 × 103 p/g), while NPPs were less recurring in the slides
(7 × 103 npp/g).
Pollen spectra were characterized by a high number of taxa, mainly belonging to herbs (mostly
Cichorieae and Poaceae wild grass group), with floristic lists that include between 31 and 152 taxa per
sample. The good mean pollen concentration and the high taxa diversity suggest that any selective
deterioration affected pollen grains in the deposits [62]. Herbs also prevailed in the modern samples
(again, Cichorieae and Poaceae were the most recurring taxa); their floristic lists (from 52 to 71 taxa)
suggest a less-diversified vegetation composition as compared to the past.
3.2. Vegetation Cover: Wood Composition, Mediterranean Habitats, and Wet Environments
Woody plants were poorly represented in the pollen spectra (the mean percentage ratio of
woodland/herbaceous plants is 11/89), and the tree cover, in particular, was very low. The forest cover
was <20% at all sites and over the whole considered period (from the 6th century BC to the present;
Figure 3). The woods were represented by both Mediterranean trees and shrubs (4% on average in the
archaeological samples) and mixed oakwoods (3%). Fagaceae (deciduous Quercus, 1.9%) and Pinaceae
(1.8%) prevailed in the forest cover, followed by Olea (1.3%), Daphne (0.9%), and Quercus ilex type
(0.6%), which were the main elements of the Mediterranean vegetation.
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The striking trait of the vegetation cover corresponded to a Mediterranean shrubland that was
widespread during the Hellenistic period (>5% on average; up to 10.2% in the 5th–4th century BC),
while its minimum values (0.2%) were observed during the 3rd–5th century AD, when the lowest
values of the mixed oakwoods (1.2%) were recorded (Figure 3). In particular, Mediterranean plants
recurred in the pollen spectra from the Greek rural sites 5 (9%) and 7 (5.7%) (Table 2) and were also
significant in the Medieval samples from site 2 (7.1%) (Figure 3). Although the spread of sclerophyllous
shrubs is linked to dryer environmental conditions, there was no local evidence of a concurrent
significant reduction in wet environments (see below). This suggests that this was mostly a degraded
environment rather than natural vegetation. In fact, the Mediterranean plants (Olea may have been
cultivated, and the shrubs developed under continued grazing pressure) may have been the result of
several human activities that were practised in the area for a long time.
In the surface sediment samples, the oakwoods and Mediterranean vegetation were
well-represented. The modern pollen spectra indicate a prevalence of pines and Mediterranean
shrubs in the current wood composition. The increase of sclerophyllous shrubs in the modern samples
compared to the post-Hellenistic ones may be reasonably explained by a less-diversified land-use
rather than by a true environmental change. Likewise, the extension of pinewoods is due to the
modern afforestation of the abandoned farmlands in the region.
In past pollen spectra, wet environments were represented by Alnus, Populus, Salix (0.2%) and to a
lesser extent Populus (0.1%), among trees, and by Cyperaceae (2.7%), Ranunculus cf. macrophyllus (0.8%),
Typha types (0.3%) and Nymphaea alba type (0.2%), accompanied by other plants of wetlands in traces
(e.g., Lemna, Potamogeton, Hydrocharis, <0.1%). These pollen grains are ubiquitous, and their highest
mean value dated to the first Hellenistic phases (11.9%). All Roman samples have pollen from wet
environments that never exceeds 3%, and then rises up to 5.6% in the Medieval Ages (Figure 3). Aquatic
and hygrophilous plants matched the presence of the HdV-181, Zygnemataceae and Pseudoschizaea
algae, suggesting that there were some small springs or stagnant shallow water pools not far from the
sites [83,96–98].
In modern samples, pollen from plants living near or in the water showed fairly similar
percentages (4.5% on average), while there are few algae. This is evidence of the occurrence of a
low number of wet environments in the area.
Overall, the past pollen spectra describe open areas with scanty woodlands, shrubby grasslands,
and a very local presence of wet environments. These data agree with the assumption that the area
was largely treeless, with few variations in the wood composition. The Mediterranean elements that
recur in the spectra could reflect the impact of pastoralism on the landscape.
Today, as in the past, the thin forest cover has a strong Mediterranean imprint, and the wet
environments are similar to those that were present in the area after the Greek period. The ensemble
of this pollen evidence, together with that from human environments (the following paragraphs),
indicates that the natural environment of the region has always had a strong ‘contamination imprint’
by a human presence.
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3.3. Crops and Fields
Cultivated plants were mainly represented by Olea (1.1%; up to 2.8% in the 5th–4th century BC
samples from the sites 5, 6, and 7) and Juglans (0.2 ) and traces of Castanea and Vitis (<0.1%) among
woody plants. Unlike the other e ti t , lea as well-represented in all samples, and could
reasonably have resulted from a process of cultivation instead of rom the wild subspecies living in the
area. In f ct, Olea pol n is known to have been spreading since about 3600 cal. years BP in southern
Italy, whe a strong human impact w s recorded (e.g., [99,100]). Moreover, olive tree cultivation has
been well-attested to at the sites of Basilicata, where evidence of plant pro ssing has also been found
(e.g., olive presses at site 4) [62]. Other trees and shrubs that produce edible fruits that may be evidence
of possibly cultivated plants were Corylus (0.3%), Ficus (0.1%), and Prunus (0.03%). Their low total
amount (4% on average) suggests that they were grown/cultivated fairly far away from the sites.
Cereals were represented by the oat/wheat type (1.8%; up to 6.4% in the 6th century BC samples
from site 1), barley type (0.3%), and traces of rye (0.04%). Therefore, wheat, rather than other cereals,
were mainly cultivated in the fields in all phases. Weeds, such as Papaveraceae (0.1%), Anagallis,
Aphanes type, Cerastium, Convolvulus, Mercurialis, Polygonum, and Solanum (total: <0.2%), are other
indicators of crop practices [101]. Overall, the low amount of pollen from fields suggests that these
cultivations were carried out quite far away from the sites (with the exception of site 1, where the
cereal farming should have been very well-developed; Table 2). Other cultivated herbs may have been
Fabaceae (3.4%, including Astragalus, Lotus, Medicago, and Trifolium type, legumes possibly cultivated
for fodder) and some Apiaceae (0.6%, including aromatic species). Interestingly, Cannabis was attested
to at site 7 (only in 2 samples dated 3rd century BC, 0.2% each), suggesting that some hemp was grown
on the Metaponto plain during the Hellenistic period.
Agricultural activities were als ll- tt te to in the modern spectra ( .6%) by orchard crops,
cer al fields, and olive groves. The culti lants (mainly olives) had values comparable
to those obtained from the archaeolo i , hile slightly higher percentages of cereals were
observed in the current surface soils (3.9%). This suggests a continuity of the agricultural practices in
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the area, probably linked to and in line with the traditional land-uses of the territory, and despite the
introduction of mechanized farming in recent years.
3.4. Grazing and Pasturelands
3.4.1. Pollen Pasture Indicators
All of the archaeological samples were characterized by plants and other evidence from grazing
environments (Figure 4). Pollen spectra were dominated by Cichorieae (26.5%) and Poaceae wild
grass group (18.7%), together with other Asteraceae (8.4%), Chenopodiaceae (5.5%), and Brassicaceae
(4.5%). All of these taxa are indicative of dry pastures and are commonly included in the pollen
assemblage that is employed for detecting the impact of pastoralism on the landscape (Figure 5) [44,45].
In particular, Cichorieae was recognized as one of the main pasture pollen indicators reflecting animal
breeding and pasturelands [66]. The controversial significance of the overrepresentation of Cichorieae
in pollen records from the Mediterranean context (as an effect of selective pollen deterioration in the
deposits or due to the selection by animal browsing?) had been resolved in the studied sites through
an integrated approach comparing the main results from palaeoecological and ecological studies that
were carried out in the region. The study showed that Cichorieae prevail in secondary pastures and
some types of primary open habitats; the recovery of high percentages of this pollen is, therefore, a
good indicator of these habitats even in past environments [66] (p. 163).
Besides Cichorieae, the recovery of high percentages of Poaceae wild grass group—strongly
correlated with open and grazed areas [44]—is further evidence of open habitats characterized by
dry pastures. These xeric environments are, in fact, favored by the overexploitation of thinned plant
resources, including overgrazing [62,102].
Cichorieae had prevalent values in the Roman (32%) and Medieval phases (31%; up to 41% in
the 13th century samples). In the Hellenistic samples (23%), there was a steady increase in Cichorieae
percentages from the 5th (9%) to the 2nd–1st century BC (34%) after a first peak (24%) in the 6th
century BC (Figure 4). Similarly, the most significant values of Poaceae were found in the Roman
(31%) and Medieval samples (18%), with high percentages also in the Greek phases (17%). These
pollen data, along with the constant presence of Asteraceae (e.g., Carduus, Centaurea nigra type,
Cirsium), Chenopodiaceae and Brassicaceae, indicate that dry grasslands/pastures might have been
well-extended, probably with seasonal oscillations, in the past landscape.
Constantly recorded in the spectra were other herbs linked to grazing/breeding activities, such
as Plantago (2.5%, recurring in trampled areas) [103,104] and Fabaceae (3.4%, palatable herbs present
in meadow-pastures or used for fodder). Plantain had its maximum values in the Roman samples
(5.6%) when legumes were less represented (0.8%). This probably means that animals grazed in open
pastures without any additional feed, maybe due to the mild climate of this period. Fabaceae and
Plantago instead had quite comparable values in almost all of the other studied phases (Figure 4).
Sustainability 2019, 11, 404 11 of 21
Sustainability 2018, 10, x FOR PEER REVIEW    11  of  21 
 
Figure 4. Percentage pollen diagram (average data from the eight sites, and modern soil samples): 
Mediterranean  plants,  pollen  taxa  indicators  of  (or  linked  to)  pastures,  and  concentration  of 
coprophilous fungal spores (npp/g/100). The samples are grouped according to their chronology. 
 
Figure 5. Main pollen and non‐pollen palynomorphs  indicators of grazing environments  from  the 
studied archaeological sites: (a) Cichorieae; (b) Aster type; (c) Poaceae wild grass group; (d) Plantago; 
Figure 4. Percentage pollen diagram (average data from the eight sites, and modern soil samples):
Mediterranean plants, pollen taxa indicators of (or linked to) pastures, and concentration of
coprophilous fungal spores (npp/g/100). The samples are grouped according to their chronology.
Sustainability 2018, 10, x FOR PEER REVIEW    11  of  21 
 
Figure 4. Percentage pollen diagram (average data from the eight sites, and modern soil samples): 
Mediterranean  plants,  pollen  taxa  indicators  of  (or  linked  to)  pastures,  and  concentration  of 
coprophilous fungal spores (npp/g/100). The samples are grouped according to their chronology. 
 
Figure 5. Main pollen and non‐pollen palynomorphs  indicators of grazing environments  from  the 
studied archaeological sites: (a) Cichorieae; (b) Aster type; (c) Poaceae wild grass group; (d) Plantago; 
Figure 5. Main pollen and non-pollen palynomorphs indicators of grazing environments from the
studied archaeological sites: (a) Cichorieae; (b) Aster type; (c) Poaceae wild grass group; (d) Plantago;
(e) Centaurea nigra type; (f) Trifolium type; (g) Chenopodiace e; (h) Brassica type; (i) Sordaria type; (j)
Sporormiella type; (k) Del schia type; (l) Podospora type. The scale bar is 10 µm.
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According to Mazier [45,85], the LPPI—Local Pastoral Pollen Indicators is a sum that is helpful
when investigating the response of plants to browsing and the local presence of animal breeding
or pastoral activities in a territory. In the archaeological samples, the sum of LPPI had mostly high
percentages (37%, up to 48% in the samples dated 13th century AD), suggesting that there were
widespread breeding activities in the sites’ surroundings. In particular, this sum reached its highest
values in the samples from sites 8 and 6 (c. 48%; Table 2); due to their peculiar archaeological contexts
(a dump and a drainage channel, respectively), these samples record and provide detailed information
on the human activities in the area.
Pollen pasture indicators were similarly represented in the current pollen spectra. Poaceae was
the most-recurring pollen taxa (18%), followed by Cichorieae (11%) and Brassicaceae (5.5%). This
seems to be in line with the reduction in the grazed areas in the region at present. Conversely, the
good values of Fabaceae (3.8%) suggest the use of such plants as fodder (cultivated and then grazed
or stored).
The amount of LPPI plants was decidedly lower in the modern surface soils than in the
archaeological samples (22% vs. 37%; Figure 4), indicating that there were more breeding activities in
the past than today.
3.4.2. Non-Pollen Palynomorphs as Grazing Markers
The dung-loving fungi are powerful environmental proxies used to assess the presence of fauna
in the past, in particular, herbivores [38,105–108]. In the life-cycle of saprobic fungi growing on animal
dung, the spores of coprophilous ascomycetes are accidentally eaten by herbivores, survive passage
through the intestinal tract, germinate, and then grow in the deposited dung. The fungi then release
their spores, which are deposited on vegetation, that is then consumed by grazing animals to complete
the cycle. Therefore, the coprophilous fungi are indices of the presence of dung and are associated
with pastoral/breeding activities.
The main dung-loving fungi are Sordaria (HdV-55a), Apiosordaria verruculosa (169), Sporormiella
(HdV-113), Cercophora (HdV-112), Delitschia, and Podospora (HdV-368) types (Figure 5). As shown by
recent studies on modern analogues in grazed areas [44,47,105,106], Sporormiella (including obligate
coprophilous species) and Sordaria (a non-strictly coprophilous genus) can be considered the most
reliable indicators of the local presence of herbivores.
Altogether, these proxies of pastoral activities were found in the archaeological samples in variable
concentrations (Figure 4). Coprophilous spores (mostly Sordaria and Sporormiella types) recurred in the
Late Hellenistic, Roman, and Medieval samples (from c. 12,000 up to c. 16,000 npp/g) when the highest
LPPI values were observed. The significant values of LPPI, together with the coprophilous fungal
spores, strongly suggest that pastoral/breeding activities were widely practiced in the study area.
The largest amount of coprophilous fungi was observed at sites 2 and 4 (c. 17,600 npp/g and
9000 npp/g; Table 2) in samples that were mainly from layers within natural or artificial enclosures
where animals were housed or moved to graze. Interestingly, in those samples, several spores of
Diporotheca rhizophila have also been found (c. 2000 npp/g as the average of the two sites; up to c.
9000 npp/g in the 3rd century BC samples from the site 4). The genus D. rhizophila is a root parasite
that grows in meso- to eutrophic conditions and wet habitats with extensive soil erosion due to the
impact of agricultural activities and livestock trampling [109]. The spores of this fungus may generally
be a valuable soil disturbance indicator for pastoral activities. In particular, in highly trampled or
overgrazed areas, the soil is left barren and exposed to erosion with the dispersion of Diporotheca spores.
The combined evidence of D. rhizophila and coprophilous fungal spores suggests that these enclosed
areas (probably with the water sources needed to supply livestock) had been intensively grazed.
Sporormiella and Cercophora types reached their highest values at site 2 (c. 13,000 npp/g and
8300 npp/g), where Sordaria was also quite well-attested to (c. 3500 npp/g). Delitschia and Podospora
were the lowest represented morphotypes in all the archaeological samples (always <200 npp/g).
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Other microfossils that are related to the presence of animals at the sites are eggs of intestinal
parasites, such as Dicrocoelium, which is a parasite of ruminants [77,110]. Parasitological remains were
quite rare in the samples (few eggs of Dicrocoelium were found in late Hellenistic and Roman phases
at the sites 2 and 7) but are further evidence that some animal excrements became incorporated into
these deposits.
Overall, the NPP record evinces the continual presence of animals in the past landscapes,
supporting the evidence of pastures and pastoral activities in the region.
In the modern samples, the NPP indicators of grazing pressure were less-recorded (Figure 4).
The coprophilous fungal spore concentration was decidedly lower (c. 2500 npp/g) than that found
in the archaeological layers. Nevertheless, the morphotypes observed were the same and with a
proportionately similar presence: mostly Sordaria, Sordariaceae, and Sporormiella (c. 1600 npp/g in
total), and few Cercophora (c. 150 npp/g), Delitschia and Podospora types (<100 npp/g each). No
intestinal parasite eggs were found. Altogether, these microfossils data indicate that animals frequent
the area less as compared to the past, probably as an effect of the reduction in pastoral practices in the
region at present.
3.5. The Relevance of Past Pastoral Activities and Their Legacy on Today’s Landscape
The integrated analyses of microscopic records from the studied archaeological sites indicate wide
and continuous pastoral activities practiced in the region. In particular, the combined evidence from
pollen pasture indicators and NPP markers of grazing (mainly coprophilous fungal spores) point out
that pastures were the main type of land-use in the territory surrounding each of the eight study sites.
As evidenced by the high values of the LPPI sums in the past pollen records, this region has long been
a grazed area, with more intense pastoral activities documented from the end of the Hellenistic age to
the Medieval and Renaissance periods; besides this, land used for animal feed was also attested to by
fodder plants pollen.
The interpretation of the archaeological pollen data was actually based on a comparison of
several contexts, chronologies, geomorphologies, and vegetation belts, offering different environmental
contexts from the sites located on mountains and hills to those placed on the coastal plain. Interestingly,
the pollen spectra suggest that similar agrarian systems exist along this transect, mainly with pastoral
activities and cereal and olive cultivations. According to the palynological dataset, during ancient
Greek times, crop and tree cultivation was the prevalent activity in the chora of Metaponto, and
agriculture was performed close to the settlements along with pastoral/herding practices. The same
land-use had continued throughout the late Hellenistic/early-Roman phases up to the Medieval
period, when pastoral farming was the predominant form of land-use, especially in the inland areas.
Here, the determining factor of such a type of farming was probably the conformation of the land,
since ploughing is not practicable on hilly slopes. The geomorphology may have also influenced the
types of livestock that were used in the territory, where—in accordance with the zooarchaeological
record [64]—sheep and goats rather than cattle were reared and grazed. Moreover, the widespread
shrubby vegetation that was documented in the pollen record is further evidence that the prevalent
domestic animals may have been ovicaprines, as most of the Mediterranean shrub species contain
secondary metabolites such as tannins, terpenes, and volatile oils that are non-edible for many other
herbivores [111].
Conversely, in the modern spectra, pollen and NPP indicators of grazing are not as common as
in previous times. The current landscape is characterized by intense agricultural activities, including
orchard crops, cereal fields, and olive groves, and by shrubby grasslands and a well-developed
Mediterranean macchia. The modern development of Mediterranean vegetation may also reasonably be
a response to overgrazing in the past [12,13]. Grazing is regarded as one of the main actions responsible
for deforestation as well as the major factor preventing the evolution of macchia to forests [14,16].
Overgrazing or continual grazing pressure by sheep and goats has changed most of the once-forested
areas of the Mediterranean into the maquis shrublands that typically occur in the current landscapes.
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This environmental change has been documented in most of the reference biostratigraphical records
from the central Mediterranean. For example, the Holocene pollen record from Lago Grande di
Monticchio in Basilicata revealed a forest cover decrease from c. 3000 cal. years BP to the present,
and a concurrent increase in the relative abundance of Pistacia and other Mediterranean plants, Olea,
Juglans, Castanea (OJC group, evidence of human-induced environments) [6], Poaceae wild grass
group, Artemisia, and Plantago (PAZ 1b-1a) [112]. Similarly, a sharp reduction in forested areas, and
an increase in synanthropic plants and Mediterranean vegetation was systematically documented in
the mid—late Holocene sections of off-site cores from southern Italy [52–55,99,100,113–116]. Overall,
these biostratigraphical records suggest that a human impact on vegetation has occurred since about
3500 cal. years BP. Therefore, it is not surprising that the natural environment had been shaped by
the human presence in the study area since ancient times, as shown by the very low tree cover that
was expressed in the 6th century BC samples. In addition, the pollen sums indicate that intense
pastoral activities and broad agrarian practices have highly influenced the landscape surrounding the
sites. In the modern pollen spectra, the low forest cover is thereby the result of millennia of human
presence and activities in the region. The prevailing Mediterranean vegetation can be considered to be
a degraded environment related to the long-term impact of livestock grazing.
The current plant biodiversity of the region mainly depends on past human activities, closely
intertwined with environmental and climatic factors. The microfossil records suggest that continuous
livestock activity had greatly contributed to a shift in the floristic composition towards the current
plant biodiversity and a patchwork of habitats, including open areas. Therefore, the conservation
and sustainable use of this biodiversity can be achieved mainly by recognizing the important role of
pastoral practices in regional cultures, traditions, and livelihoods.
This study can support biodiversity awareness by providing useful information on the vocation
and environmental sustainability of the Basilicata region. For example, the current environmental
resource management strategies intend to replace the abandoned grazing areas with woodlands, as
well as introduce new cost-effective crops in a major renovation and development of the territory.
These actions may carry significant risks of biodiversity alteration in the context of unsustainable
development. Palynological data from the regional archaeological sites provide insights into
anthropogenically-driven landscape dynamics and inform us about a landscape adaptation and
biodiversity changes over time. In addition, the long-term perspective of this research provides a
knowledge base on the effects of many different forms of farming (cultivations or grazing) on local
biodiversity and also testifies to the impact of agricultural intensification or abandonment on the
ecosystem, which the region has already experienced in the past. Understanding the responses of
ecosystems to anthropogenic disturbance and the long-term scale of these processes are essential points
to the development of sustainable management strategies that can help to reduce biodiversity loss.
4. Conclusions
The palynological dataset from eight archaeological sites in Basilicata (southern Italy) is relevant
to understanding the farming activities that have been practised in the area over the last 2500 years.
The data point to an open plant landscape that has been continuously dominated by pastures, cereal
fields, and olive groves. Important evidence of pastoral farming has arisen from the joint record of
pollen pasture indicators and NPP markers of grazing (mainly spores of coprophilous fungi). The
combined evidence from these microfossils points out that the region’s environmental setting has been
greatly influenced by intense pastoral/breeding activities since ancient times.
Pastoral farming was the predominant activity from the late Hellenistic period to the Middle
Ages/Renaissance, especially in the inland areas, where the geomorphological features may have
favoured the breeding of ovicaprines. The high values of both LPPI sums and coprophilous fungal
spores suggest that pastures were widespread in the sites’ surroundings. In addition, the high
percentages of the Cichorieae and Poaceae wild grass group indicate open habitats characterized by
dry pastures. Besides these grazing lands, the good percentages of Fabaceae suggest a combination of
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pastures and land used for animal feed production. In addition, pollen from sclerophyllous plants
(especially shrubs) recurs in all of the spectra. Mediterranean vegetation is commonly viewed as
a degraded landscape and could be considered to be a long-term pasture marker. While pollen
and NPP indicators of grazing are not common in modern spectra, Mediterranean plants are quite
well-attested to; these data suggest a reduction in pastures in current land-uses and support the
idea of the importance of past pastoral practices as a major agent of the regional landscape’s
transformation. To improve environmental sustainability, we cannot ignore both the landscape
evolution and bio-cultural value of a territory. The palaeoecological results from the study sites
are useful information, especially for the understanding of the various environmental conservation
measures. By knowing the past biodiversity and ecosystem dynamics, future scenarios can be taken
into account by stakeholders and decision makers, helping them figure out the consequences of
different conservation strategies. In order to better understand the dynamics and processes that
govern modern ecosystems and habitats, an integrated discussion of the main results obtained from
palaeoecological and ecological studies carried out in a certain region should be pursued. In fact,
the insights into long-term events greatly contribute to improving modern concepts of community
organization, evaluating climate dynamics, and understanding disturbance processes that cannot
be understood by analyzing modern systems alone [117]. In the same way, the study of modern
analogues could provide further information on pollen and NPP vegetation and land-use relationships
and contribute to a more comprehensive landscape reconstruction (e.g., [118]). Future developments
of this research will move in this direction and try to support both modern biodiversity awareness
and cultural landscape conservation for sustainable regional resources management and exploitation.
Future landscape management, resources exploitation, and restoration planning could benefit from the
palaeoecological insights that this research provides, which take into account new factors, including
both past and future environmental (climate) and social (history) changes.
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